AD-A197  512 


REPORT  NO.  N ADC-871 79-60 


» 


FIRE  TESTS  OF  ADVANCED  AR AMID 
BLENDS  AND  TREATMENTS 


George  H.  Kydd  and  Joan  C.  Marano-Goyco 
Air  Vehicles  and  Crew  System  Technology  Department 
NAVAL  AiR  DEVELOPMENT  CENTER 
Warminster,  Pennsylvania  18974 


DTIC 

ELECTEI 
JUl  0  819831 


DECEMBER  1987 

FINAL  REPORT 

A&wvm)  tot  Wmk.  tksutouhon  UMtni&J 


Prspa'od  for 

BURLINGTON  INDUSTRIES.  INC. 
Corporate  R  &  D  Laboratories 
Greensooro.  NC  27420 


88 


6  8  ■; 


NOTICES 


REPORT  NUMBERING  SYSTEM  -  The  numbering  of  technical  project  reports  issued  by 
the  Naval  Air  Development  Center  is  arranged  for  specific  identification  purposes.  Each 
number  consists  of  the  Center  acronym,  the  calendar  year  in  which  the  number  was 
assigned,  the  sequence  number  of  the  report  within  the  specific  calendar  year,  and  the 
official  2-digit  correspondence  code  of  the  Command  Office  or  the  Functional 
Department  responsible  for  the  report.  For  example:  Report  No.  NA0C-S60i5-70 
indicates  the  fifteenth  Center  report  for  the  year  1986  and  prepared  by  the  Systems 
and  Software  Technology  Department.  The  numerical  codes  are  as  follows: 


CODE 


OFFICE  OR  DEPARTMENT 


00  Commander.  Naval  Air  Development  Center 

01  Technical  Director.  Naval  Air  Development  Center 

02  Comptroller 

05  Computer  Department 

07  Planning  Assessment  Resources  Department 

10  Anti-Submarine  Warfare  Systems  Department 

20  Tactical  Air  Systems  Department 

30  Battle  Force  Systems  Department 

40  Communication  &  Navigation  Technology  Department 

50  Mission  Avionics  Techno'ogy  Department 

60  Air  Vehicle  &  Crew  Systems  Technology  Department 

70  Systems  ft  Software  '"echnology  Department 

80  Engineering  Support  Group 


PRODUCT  ENDORSEMENT  .-  Tne  discussion  or  instructions  concerning  commercial 
products  herein  do  not  constitute  an  endorsement  by  the  Government  nor  do  they 
convey  or  imply  the  license  Or  right  to  use  such  products. 


APPROVED  BY: 


DONALD  I*.  He KRLEAN 
HEAD.  AIK  VEHICLE  AND 
CREW  SYSTEMS  TECHNOLOGY 
DEPARTMENT 


OATE: 


y 

*  * 


0.  n~ 


REPORT  DOCUMENTATION  PAGE  1 

la.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 

lb  RESTRICTIVE  MARKINGS 

N/A 

2a.  SECURITY  CLASSIFICATION  AUTHORITY  “ 

3.  DISTRIBUTION /AVAILABILITY  OF  REPORT 

2b.  OECLASSIFICATION / DOWNGRADING  SCHEDULE 

APPROVED  FOR  PUBLIC  RELEASE:  DISTRIBUTION 
UNLIMITED 

4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

5.  MONITORING  ORGANIZATION  REPORT  NUMBER(S) 

NADC  -  87179-60 

N/A 

6a.  NAME  OF  PERFORMING  ORGANIZATION 

6b  OFFICE  SYMBOL 
(If  applicable) 

7a.  NAME  OF  MONITORING  ORGANIZATION 

NAVAL  AIR  DEVEL  PMENT  CENTER 

6023 

N/A 

6c.  ADDRESS  (City,  State,  and  ZIP  Code)  ~j 

7b.  ADDRESS  (City,  State,  and  ZW>  Code) 

WARMINSTER,  PA  18974-5000 


N/A 


8a.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 

BURLINGTON  INDUSTRIES 


8b  OFFICE  SYMBOL 
(if  applicable) 


9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 


8c.  ADDRESS  (City,  State,  and  ZIP  Code) 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 

PROJECT 

TASK 

WORK  UNIT 

ELEMENT  NO. 

NO 

NO 

ACCESSION  NO. 

GREENSBORO,  NC  27420 

11.  TITLE  (Indude  Security  Classification) 

FIRE  TESTS  OF  ADVANCED  ARAM ID  BLENDS  AND  TREATMENTS 


12.  PERSONAL  AUTHOR(S) 

DR.  KYDD.  G.H.  AND  M^RANO  GOYCO.  J.C. 


13*.  TYPE  OF  REPORT 

. . EIHAL _ 


1  3b  TIME  COVERED 
FROM  TO 


14.  DATE  OF  REPORT  (Year.  Month,  Day) 

_ DECEMBER  1987 _ 


15  PAGE  COUNT 


16.  SUPPLEMENTARY  NOTATION 


17.  COSATi  COOES  1 

FIELD 

GROUP 

23 

05 

04  fs 

41— — J 

18  SUBJECT  TERMS  ( Continue  on  reverse  if  necessary  and  identify^y  block  number) 

ARAM HT  FUEL  FIRE  TESTS ,  jP'  ~  U«  /, 


BURN  INJURY,, 
FIRE  PROTECTION 


L 


SUPER  FLAME  RESISTANT  NOMEX,  ,  \ 

PBI-SUPER  FLAME  RESISTANT  NOMEX  » ^ 


FULL  SCALE  FUEL  FIRE  PIT  TESTS  WERE ''PERFORMED  ON  THREE  DIFFERENT  GROUPS  OF  FLIGHT  SUITS.  \ 
THE  PURPOSE  OF  THESE  TEST  WAS  TO  COMPARETHE  FIRE  PROTECTIVE  QUALITY,  AS  RELATED  TO  PERCENT 
BODY  BURNED,  OF  SUPER  FLAME-RESISTANT  NOMEX  BLENDS .  THE  MATERIALS  TEST  WERE:  (1)  SUPER 
FLAME  RESISTANT  NOMEX,  (2)  PBI  (POLYBENZ IMIDAZOLE)  -  SUPER  FLAME  RESISTANT  NOMEX,  (3)  SUPER 
FLAME  RESISTANT  NOMEX  CAMOUFLAGE  AND  (4)  NOMEX  1 1 1", ''TESTED  AS  A  CONTROL.  NOMEX  III  IS  A 
95/5%  NOMEX-KEVLAR  BLEND  AND  IS  THE  STANDARD  SAGE  GREEN  27P  FLIGHT  SUIT  CURRENTLY  BEING  USeJ 
BY  NAVY  AND  AIR  FORCE.  THE  TESTS  WERE  CONDUCTED  AT  THE  NAVAL  AIR  DEVELOPMENT  CENTER’S  FAC_ 
ILITY  AND  THE  SUITS  WERE  SUBJECTED  TO  THREE  SECOND  EXPOSURES  USING  JP-4  FUEL.  ONE  OF  THE 
CAMOUFLAGE  SUITS  WAS  TESTED  AT  FOUR  SECONDS  y 


20.  DISTRIBUTION  /AVAILABILITY  OF  ABSTRACT 

□  UNCLASSIFIED/UNLIMITED  □  SAMS  AS  RPT  □  OTIC  USERS 


22*.  NAME  OF  RESPONSIBLE  INDIVIDUAL 

-DR._GE0RGE_  H  >  KYDD 


00  FORM  1473,84  mar 


21  ABSTRACT  SECURITY  CLASSIFICATION 


22b  TELEPHONE  (Include  Area  Code) 

215-441-2400 


83  APR  edition  may  be  vied  until  exhausted 
All  other  editions  are  obsolete 


22c.  OFFICE  SYMBOL 

6023 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 

ft  U.S.  Government  Print!**  Office  t *•  C — *0124) 


JONOWUDCMENT 


W£  wish  to  acknowledge  and  thank  Ms  Winnie  Bernard  for  assistance  in 
carrying  out  the  tests  and  Ms  Nannette  Kardeszeski  for  assistance  in  the 
preparation  of  this  report. 

Ihe  Authors 


REPORT  NO.  NADC-87179-60 


TABLE  OP  CONTENTS 

PAGE  NO. 

List  of  Figures . ii 

List  of  Tables . iv 

Introduction . 1 

Materials . 1 

Method . 1 

Procedure . 5 

Results . . 7 

Discussion . 11 

References . 13 


i 


REPORT  NO.  NADC-87179-60 


LIST  OF  FIGURES 

FIGURE  NO.  TITLE  PAGE  NO. 

1  Diagram  of  the  Fuel  Fire  Pit  Facility.. . 4 

2  Division  of  Body  Surface . . . 6 

3  Front  view  of  the  Solution-dyed  flight  suit.... .  14 

4  Back  view  of  the  Solution-dyed  flight  suit . 13 

5  Side  view  of  the  Solution-dyed  flight  suit . 16 

6  Front  view  of  the  Solution-dyed  Nomex  flight  suit 

after  a  3-second  exposure . . . . . .  17 

7  Back  view  of  the  Solution-dyed  Nomex  flight  suit 

after  a  3-second  exposure . . .  18 

8  Side  view  of  the  Solution-dyed  Nomex  flight  suit 

after  a  3-second  exposure . . . . .  1$ 

9  Front  view  of  the  Super  flame-resistant  Nomex 

flight  suit . 20 

10  Back  view  of  the  Super  flame-resistant  Nomex 

flight  suit........ . . . .  21 

11  Side  view  of  the  Super  flame-resistant  Nomex 

flight  suit . . . 22 

12  Front  view  of  the  Super  flame-resistant  Nomex 

flight  suit  after  a  3-second  exposure.... . 23 

13  Back  view  of  the  Super  f lame-resistant  Nomex 

flight  suit  after  a  3-i-  exposure.... . .  24 

14  Side  view  of  the  Super  f lame-resistant  Nomex 

flight  suit  after  a  3-second  exposure..... . . .  23 

15  Front  view  of  the  PBI-Super  flame  resistant  Nomex 

flight  suit . . . 26 

16  Back  view  of  the  P8I-Super  flame-resistant  Nomex 

flight  suit . 27 

17  Side  view  of  the  PBI-Super  f lame-resistant  Nomex 

flight  suit . 28 

18  Front  view  of  the  PBI-Super  flame-resistant  Nomex 

flight  suit  after  a  3-second  exposure . 29 

ii 


REPORT  NO.  NADC-87 179-60 


FIGURE  NO. 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


30 


31 


LIST  OF  PIGURES  (CON'T.) 

TITLE 

Back  view  of  the  PBI-Super  flame-resistant  Nomex 
flight  suit  after  a  3-second  exposure . . 


PAGE  NO. 


30 


Side  view  of  the  PBI-Super  flame-resistant  Nomex 
flight  suit  after  a  3-second  exposure . .  31 

Front  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit . . . .  32 


Back  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit......... . 


Side  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit . 


33 


34 


Front  view  of  the  Super  flame-resistant  Nomex 

Camouflage  flight  suit  after  a  3-second  exposure . .  35 

Back  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit  after  a  3-second  exposure .  36 

Side  view  of  the  Super  flame-resistant  Nomex 

Camouflage  flight  suit  after  a  3-second  exposure .  37 


Front  view  of  a  second  Super  flame-resistant  Nomex 
Camouflage  flight  suit  after  a  3-second  exposure. 


38 


Back  view  of  a  second  Super  flame-resistant  Nomex 

Camouflage  flight  suit  after  a  3-second  exposure........  39 


Front  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit  after  a  4-second  exposure. 


40 


Baek  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit  after  a  4-second  exposure . .  41 


Side  view  of  the  Super  flame-resistant  Nomex 
Camouflage  flight  suit  after  a  4-second  exposure. 


42 


REPORT  NO.  NADC-87179-60 


LIST  OF  TABLES 

Table  No.  Title  Page  No. 

I  Allocation  of  Heat  Sensors . . . .  8 

II  Total  Percent  Body  Burned.. . . . . . .  9 

III  Comparison  of  Percentage  of  Legs  Burned  and  Total 

Body  Burned . . .  12 


lv 


REPORT  NO.  NADC-8 7 179-60 


INTRODUCTION 

Reported  here  are  the  results  of  fire  pit  tests  of  several  advanced 
versions  of  Nomex  and  PBI  (Poly bear imidazole)  known  for  their  fire  resistance. 
These  materials  are  designed  to  improve  the  lot  of  service  personnel  in 
overcoming  the  dangers  of  fire. 

MATERIALS 

The  four  materials  and  the  number  of  each  tested  were  as  follows:  1) 
Nomex,  Solution-dyed,  Sage  Green,  three  suits;  2)  Nomex  Super  Flame  Retardant, 
Tan,  three  suits;  3)  20Z  PBI,  802  Nomex  Super  Flame  Retardant,  Sage  Green, 
three  suits  and  4)  A  Super  Flame  Retardant  Nomex  version  of  the  Battle  Dress* 
Uniform  (BDU)  with  the  camouflage  print,  four  suits. 

At  the  NAVA1RDEVCEN  facility,  test  specimens  are  assigned  an 
identification  number  which  is  composed  as  follows; 

5  digits  for  material  identification 

6  digits  for  the  Julian  Date 

1  digit  for  the  year 

3  digits  for  the  serial  number  of  the  day 

3  digits,  a  serial  number  assigned  to  the  tost 

The  four  materials  described  above  arc  encoded  as  follows: 

NXSLD  Nomex,  solution-  dyed.  Sage  Green 
NXSFR  Nomex  super  f lame-retardant,  Tan 
PNSFR  PBI-Nomex,  super  flame-retardant 
NX  CAM  Nomex  super  flame-retardant,  Camouflage 

METHOD 

The  procedures  are  designed  to  simulate  escape  froa  fuel  fires  that  might 
occur  in  combat  that  would  result  fvoa  the  rupture  and  ignition  of  fuel  cells. 
It  is  estimated  that  such  a  situation  may  require  a  few  seconds  and  this  test 
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provided  exposures  of  3  and  4  seconds.  Three  assemblies  of  each  of  the  four 
types  of  materials  vere  tested  at  3  seconds,  the  last  camouflage  assembly  was 
tested  at  4  seconds.  The  test  procedures  are  described  in  detail  in  Ref.  1. 

In  the  test,  a  fiber  glass  manikin  (the  department  store  type)  was 
dressed  with  the  clothing  assembly.  The  dressed  manikin  was  suspended  under 
the  arms  by  two  hooks  attached  to  the  arm  of  a  rotating  jib  crane.  The  path 
of  the  crane  arm  and  the  manikin  during  rotation  took  it  over  the  fire  pit  for 
the  exposure. 

The  fire  pit  is  an  open  concrete  basin  u&osuriog  25'  x  20'  and  8  inches 
deep.  During  testing  it  is  filled  with  water.  The  surface  of  the  water 
filled  basin  is  provided  with  a  grid,  made  of  aluminum  angle  which  divides  the 
surface  into  20  cells.  A  plumbing  network  at  the  bottom  of  the  basin  provides 
fuel  to  nozzles  in  the  center  of  each  of  Che  cells.  Fuel  is  pumped  from 
supply  tanks  to  each  of  the  20  nozzles  and  floated  on  the  surface  before 
ignition.  Ignition  is  provided  by  four  igniters  located  at  each  of  the  four 
corners  of  the  pit.  An  air~propane  mixture  is  ignited  by  spark  plugs  and  the 
flames  are  directed  toward  the  JP-4  fuel  that  is  now  on  the  surface  of  the 
water. 

The  facility  is  diagrammed  in  Fig.  1  which  shows  the  location  of  the 
crane  with  respect  to  the  fire  pit.  The  velocity  of  the  crane  can  be  adjusted 
so  that  the  manikin  le  In  the  flames  for  the  required  amount  of  time. 

Operations  take  place  behind  an  8’  high  concrete  block  wall  that  ts  set 
back  3  feet  along  one  side  of  the  pit.  The  entire  pit  area  is  enclosed  by  a 
corrugated  steel  fence  which  is  located  about  20'  from  the  edge  of  the  pit  on 
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all  sides.  Heat  from  the  burning  fuel  is  such  that  the  fence  is  too  hot  to 
touch  during  burning. 

Two  video  cameras  are  set  to  view  the  manikin  as  it  comes  over  the  edge 
of  the  pit  out  of  the  flames.  The  locations  of  these  cameras  are  shown  in 
Figure  1.  One  has  a  wide  angle  lens,  about  20  mm,  and  the  other  has  a  longer 
focal  length  so  that  the  manikin  image  can  fill  the  field.  A  third  hand-held 
video  camera  is  located  on  the  operations  aide  of  the  block  wall.  This  camera 
views  the  manikin  as  it  rounds  the  wall  and  passes  out  of  view  of  the  fixed 
cameras.  These  cameras  provide  a  record  of  any  burning  of  the  assembly  as  it 
passes  out  of  the  flames  and  any  after  flaming  that  may  occur.  A  fourth 
camera  was  placed  on  top  of  the  fence  to  view  the  development  of  the  fire 
after  Ignition.  It  is  connected  to  a  monitor  that  is  behind  the  block  wall. 

A  calorimeter*  which  measures  the  heat  flux  is  mounted  at  the  manikin's 
waist.  It  is  planned  to  provide  several  more  calorimeters  in  the  future  so 
that  a  more  accurate  estimate  can  be  obtained  of  the  heat  flux  experienced  by 
the  manikin.  The  calorimeter  was  read  out  on  a  millivolt  recorder  and  the 
trace  was  integrated  to  obtain  heat  flux. 

Paper  temperature  sensors  mounted  on  leather  patches  were  placed  at  26 
locations  on  the  manikin  to  determine  the  temperature  rise  at  the  surface:  19 
on  the  torso,  8  on  the  arms  and  8  on  the  legs.  The  sensors  ate  silver  and  are 
marked  with  a  temperature  at  which  they  will  change  c«.  .or  turning  black.  For 
these  tests,  the  critical  temperature  was  250^  F  and  they  were  evaluated  for 
surface  area  according  to  the  allocation  of  Hardy(l).  as  shown  in  Figure  2. 

KY-CAL  Engineering,  Santa  Fe  Springs,  CA 
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PROCEDURE 

Procedures  can  be  derived  from  the  description  above.  The  manikin  was 
sensored  (paper  sensors),  then  dressed  in  summer  underwear  (trunks  and  T 
shirt)  and  the  test  garment.  Still  photographs  were  taken  and  the  manikin  was 
placed  on  the  crane  arm  and  positioned.  '  Cameras  were  adjusted  for  the  day's 
testing,  fuel  was  pumped  into  the  pit  and  allowed  to  spread  on  the  surface  for 
about  10  sec.,  the  ignition  was  activated  and  the  fire  was  allowed  to  develop. 
Near  maximum  fire  intensity  the  flux  meter  recorder  and  crane  rotation  were 
started.  The  crane  controller  had  been  previously  set  to  give  the  correct 
exposure  time  of  the  manikin  in  the  flames.  The  crane  continued  rotating 
until  the  manikin  was  over  the  distal  edge  of  the  pit  at  which  time  the 
controller  was  turned  off.  After  the  crane  came  to  a  stop,  the  manikin  was 
removed  for  still  photographs  and  examination  of  the  temperature  sensors.  Any 
activated  sensors  were  recorded  and  then  replaced  in  preparation  for  another 
test. 

Three  still  color  photographs  of  front,  back  and  side  views  were  taken  of 
each  garment  assembly  before  and  after  the  exposure. 

RESULTS 

The  first  garment  to  be  tested,  the  Solution-dyed  Nomex,  is  identified 
as  follows; 

NXSLD  7176  448 
NXSLD  7176  452 
NXSLD  7182  456 

Figures  3,  4,  and  5  show  this  flight  suit  before  the  exposure  in  front,  back 
and  side  views.  The  still  photographs  taken  after  the  exposure  are  shown  in 
Figures  6,  7,  and  8,  front,  back,  and  side  views.  These  pictures  show  that 
there  had  been  considerable  shrinkage  particularly  in  the  legs. 
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Four  to  six  inches  of  sock  was  showing  above  the  boots,  whereas  before  the 
test,  the  cuffs  of  the  suic  trousers  were  touching  the  boots.  The  ample  amount 
of  material  that  formed  an  irregular  bubble  in  the  back  and  wrinkles  in  the 
legs  before  burning  had  disappeared  and  the  suit  fit  tightly  after  the  test. 
The  video  tapes  showed  low,  short  purplish  flames  at  the  manikin's  back  during 
two  of  the  tests  (448  and  456),  but  they  had  disappeared  by  the  time  the 
manikin  was  over  the  edge  of  the  pit.  Also  there  was  considerable  smoking 
from  the  garment. 

The  surface  of  the  manikin  was  evaluated  according  to  the  scheme  of 

Hardy  (2)  in  which  body  surface  is  allocated  as  follows: 

Head  72  Torso  352 

Hands  52  Arms  142 

Feet  72  Legs  322 

However,  in  these  tests  only  the  torso,  arms,  and  legs  were  evaluated  (total 
of  812).  The  allocation  of  sensors  is  shown  in  Table  I. 

Table  I.  Allocation  of  Sensors  by  Body  Region 


Body  Region 

2of  Total 
Body  Surface 

Number  of 
Sensors 

2  of  Body  Surface 
per  sensor 

Torso 

352, 

10 

3.52 

Arms 

152 

8 

1.75% 

Legs 

322 

8 

4.02 

Table  II  gives  the  percentage  of  surface  burned  for  each  region  and  the 
'total  body  burned '(Total  B.B.). 

Two  suits  from  which  heAt  flux  meaeurments  are  available  show  that  they 
experienced  hotter  fires  than  any  of  the  other  suits  in  the  3  second  tests. 

It  is  not  possible  to  adequately  explain  these  differences  except  to  say  that 
they  reflect  the  limitations  of  our  capability  to  monitor  the  fire. 
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One  flux  meter  Is  probably  not  enough  considering  the  randomness  with  which 
the  fire  burns.  All  three  of  the  Solution-dyed  Nomex  suits  were  above  402  for 
total  body  burned  averaging  43.752. 

The  second  garment  to  be  tested,  the  Super-flame  retardant  Nomex,  is 
Identified  as  follows: 

NXSFR  7176  449 
NXSFR  7176  453 
NXSFR  7182  457 

The  photographs  before  the  exposure  are  shown  in  Figures  9,  10,  and  11,  front, 
back  and  side  views.  The  still  photographs  after  the  exposure  are  shown  in 
Figures  12,  13  and  14.  The  results  from  the  temperature  sensors  can  be  seen 
in  Table  II.  They  show  that  these  suits  faired  better  than  the  previous 
group,  in  that  the  average  total  body  burned  figure  was  well  below  402  at 
33.752.  No  burning  was  observed  at  the  exit  from  the  flames.  There  was 
shrinkage  as  shown  in  the  Solution-dyed  suits  and  in  one  test  there  was 
asmall,  1  inch  hole  burned  through. 

The  PBI-Super  flame  retardant  Nomex  blend  comprised  the  third  garment  to 

be  tested  and  is  shown  in  Figures  15,  16  and  17,  front,  back  and  side  views. 

The  photographs  taken  after  the  exposure  are  shown  in  Figures  18,  19  and  20. 

These  photographs  confirm  shrinkage  in  the  legs  but  not  as  ouch  as  in  the 

Solution-  dyed  Nomex.  There  still  are  some  wrinkles  in  the  suit.  These  suits 

are  identified  as  follows  in  Table  II: 

PNSFR  7176  450 
PNSFR  7182  454 
PNSFR  7182  458 

Table  II  shows  that  the  PBI— Nomex  blend  is  a  slight  improvement  over  the 
Super-flame  retardsut  Nomex,  showing  total  body  burned  of  32.422.  There  was 
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no  flaming  seen  in  tapes  from  the  two  fixed  cameras;  there  was  smoke  and 
comparatively  less  shrinkage  shown  on  the  video. 

The  last  garment  to  be  tested  was  made  of  Super  flame  retardant  Nomex 

Camouflage  identified  as  follows: 

NX CAM  7176  451 
NX CAM  7182  455 
NXCAM  7182  459 

and  is  shown  in  Figures  21,  22  and  23,  front,  back  and  side  views.  The 
photographs  after  the  exposure  are  shown  in  Figures  24,  25  and  26.  These 
photographs  show  that  the  Nomex  camouflage  appeared  to  be  little  affected  by 
the  exposure  in  spite  of  the  fact  that  the  camouflage  print  tends  to  obscure 
gross  shrinkage.  No  flaming  was  seen  in  any  of  the  3  second  exposures  of  this 
specimen.  There  was  smoke  and  some  shrinkage.  The  temperature  effects  are 
shown  in  Table  II.  Of  the  four  types  tested:  NXCAM  averaged  the  smallest 
percentage  burns  in  torso  and  legs,  while  for  the  arms  the  percentage  was 
intermediate  among  all  four  types.  Overall  the  average  NXCAM  total  percentage 
body  burned  was  lowest,  29,922.  The  worst  case  result  is  shown  in  Figures  27 
and  28.  This  was  NXCAM  7132  455  that  had  45.52  body  burned.  There  is  more 
uniform  shrinkage  and  more  discoloration  of  areas  in  Fig  28,  back  view, 
manikin's  left,  that  shows  some  general  heating  effects,  a  brownish 
discoloration  covering  the  manikin's  left  torso,  left  buttocks  and  left  leg. 

At  the  outset  of  this  3  second  series,  it  was  decided  to  test  an 
additional  suit  at  four  seconds  of  the  type  which  resulted  in  the  least 
percent  body  burned  at  three  second  tests.  The  winner  was  the  Nomex  Camou¬ 
flage  and  the  results  of  this  test  are  shown  in  Figures  29,  30  and  31  for 
front,  back  and  side  views.  There  was  some  burning  as  described  above  in  the 


10 


REPORT  NO.  NADC-87 179-60 

2 

Solution-dyed  Nomex  but  no  after-flaming.  At  9.03Cal/cm  this  was  the 
greatest  burn  as  expected. 


DISCUSSION 

The  fuel  fire  is  a  source  of  radiative  and  convective  heat  which  is  the 
threat  against  which  clothing  is  meant  to  protect.  However,  the  question 
raised  in  these  tests  is  whether  the  body  burns  observed  are  a  good  measure  of 
the  protective  qualities  of  the  material  from  which  the  garment  was 
fabricated.  Examination  of  the  analysis  of  body  regions  in  Table  II,  the 
torso  with  the  largest  body  surface  area,  32%,  is  burned  less  frequently  and 
less  intensely  when  compared  to  the  arms  and  legs.  In  fact,  the  legs  receive 
the  greatest  amount  of  burns.  The  question  arises  as  to  whether  torso  and 
legs,  for  instance,  receive  systematic  differences  of  radiative  and  convective 
heating.  With  the  legs,  there  is  the  possibility  that  heat  may  rise  up  the 
trouser  leg  by  convection  and  cause  a  more  intense  burn,  something  which  would 
not  occur  with  the  torso.  If  this  were  to  happen,  the  observations  of  burns 
for  the  legs  would  be  partially  due  to  radiation  and  also  to  convection 
because  of  the  construction  of  the  trousers  being  open  at  the  bottom  and 
allowing  heat  to  rise. 

Table  III.  Comparison  of  the  Average  Percentage  Legs  and 


Legs 

and  Total  Body  Burned. 

(32%)  Total  Body  Burned  (81%) 

Legs/Tot* 

NXSLO 

28%  3 

sec 

43.75% 

64% 

NXSFR 

22% 

33.75% 

65% 

PNSPR 

21% 

M 

32.42% 

64% 

NXCAH 

20% 

w 

29.92% 

66% 

NXCAM 

32%  4 

sec 

42.50% 

75% 

An  argument  can  be  made  for  this  point  of  view  in  Table  III  above.  Here 
the  average  percentage  burned  for  the  legs  is  tabulated  with  the  total  body 
burned  from  Table  111,  where  32%  is  maximum  for  the  legs  and  8l£  maximum  for 
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the  total  body.  This  analysis  shows  that  total  body  burned  varies  directly 
with  the  average  percentage  burned  for  the  legs.  Leg  percentages  start  with 
NXCAM  at  202  and  increase  through  NXSLD  at  282  (+82),  while  the  respective 
total  body  burned  percentages  start  at  29.922  and  increase  to  43.752 
(+13.832).  The  percentage  contribu'  -4  to  the  total  is  relatively  constant  at 
652  for  the  3  second  tests,  shown  in  the  last  column  of  Table  III. 

With  the  4  second  test,  the  percentage  goes  to  752.  So  it  would  appear 
that  trouser  legs  can  create  their  own  convection  configuration,  increasing 
heat  to  the  legs.  This  tendency  is  also  present  with  sleeves  and  the  result 
is  that  open  cuffs  and  sleeves  give  results  worse  than  they  would  be  if  they 
were  closed.  Of  course,  the  standard  garments  worn  in  the  Services  do  have 
open  cuffs  and  sleeves  so  their  presence  contributes  some  realism  to  the 
situation.  It  would  be  interesting,  however,  to  test  a  garment  in  the  two 
configurations  with  open  and  closed  sleeves  and  cuffs  as  a  means  of 
determining  differences  in  heating  between  the  two  conditions.  Anticipating 
the  answer  to  the  question,  it  would  be  well  if  garments  could  bo  designed  and 
fabricated,  that  would  permit  closed  cuffs  and  sleeves  while  on  duty. 

In  consideration  of  the  Nomax  Super-fire  retardant  camouflage  material 
one  has  to  turn  to  the  only  visible  difference  between  it  and  the  Nomex  Super- 
fire  retardant  material  and  that  is  the  camouflage  print  and  Its  dye.  The 
question  arises  as  to  whether  the  dye  confers  fire  resistance  and  the  answer 
from  these  tests  appears  to  be  in  the  affirmative.  Considering  that  the  dye 
is  tightly  bonded  to  the  fiber  and  that  heat  must  be  absorbed  and  transmitted, 
it  is  an  obstacle  to  the  passage  of  heat.  Further,  there  is  a  possibility 
that  accompanying  the  absorption  of  heat  there  may  be  a  heat  absorbing 
reaction  that  would  alter  or  decompose  the  dye  in  which  case  transmission  of 
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heat  would  further  be  inhibited.  Simple  sublimation  in  which  heat  would  be 
absorbed  in  changing  the  state  of  the  dye  from  solid  to  gas  could  also  occur. 
This  last  hypothesis  seems  doubtful  in  these  tests  because  the  dye  persisted 
through  the  tests  with  little  change.  Whether  this  speculation  describes  the 
actual  case  would  require  additional  information  (on  the  dye)  and  perhaps 
further  tests. 
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figure  12.  Front  view  of  the  Super  flame- resistant  Nome*  flight  suit  alter 
a  3-secoutl  exposure. 


NADC-8 


Figure.  15.  Front  view  of  iiu<  FHl-Su|»or  t  1.: wo- res i jst mu  Nonox  i  1  i,*tu  suit 
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Figure  18.  Front  view  of  the  FBI -Super  f ia&e-resisitant  Kofeex  flight  g«ft 
after  a  3~a.ec and  exposure. 
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Hgnfe  21.  Side  view  the  Super  t  iaftv-reHisstsut  {fudges  Cataoui’  lag®  i  I  i$Ut 
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Figure  27. 


Front  vi»sw  of  it  second  Super  t  Untie-  resist  out  NOMFX  C.imuui  luge 
flight  suit  <it let'  n  JKwt-otsd  exposure. 
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Figure  28.  Hack  view  of  a  second  Super  t lame-resistant  Nuwcx  Camouflage 
flight  suit  after  a  3-soconJ  exposure. 
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Figure  10.  view  f'-'  the  Super  f lame-re;, i *>tnn(  Sflmrx  (UMttouHnge  flight 

suit  after  a  4 -second  exposure . 
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